Introduction: Diffusion-weighted imaging (DWI), while giving rich information about brain circuitry, often suffers from low spatial resolution. This abstract describes a fiber-driven algorithm for enhancing the resolution of DWI data. The fundamental premise is that, to best preserve information, interpolation should always be performed with data along fiber streamlines. To achieve this, at each spatial location, we probe neighboring voxels in various directions to gather diffusion information for data reconstruction. Based on the fiber orientation distribution function (ODF), directions that are more likely to be traversed by fibers will be given greater weights during interpolation. This ensures that the data used for interpolation is only contributed by diffusion data coming from fibers that are aligned with a specific direction. This approach respects local fiber structures and prevents blurring resulting from averaging of data from significantly misaligned fibers.
Methods:
To increase resolution, the image domain is divided using a grid with grid elements that are smaller than the acquired voxel size. The DWI data for each of these grid elements are then reconstructed using the following steps: 1) Local Fiber Profiling. To determine the probability of whether voxel location is traversed by fibers in direction ( 1, … , ), we profile the field of fiber ODFs , | ∈ along direction . is a neighborhood of voxels in the vicinity of . The local fiber configuration at is characterized by a fiber orientation profile, which is a directional function that allows for anisotropic collection of neighboring information to reconstruct the DWI data at location . It is determined as:
. We define the weights as , , exp 0.5 , , / exp 0.5 , , / . Here and are respectively the axial distance (parallel length) and the radial distance (perpendicular length) to a reference line defined by and . Parameters and control the falloff of the weight with respect to the axial and radial distances, respectively.
2) Fiber-Sensitive Interpolation With Rician-Bias Correction.
The fiber orientation profile at location gives an indication of which directions are most likely to be traversed by fibers. The DWI data of voxels in the neighborhood of should therefore be weighted according to the fiber orientation profile, i.e., directions that are more likely to be traversed by fibers should be given greater weights. To reconstruct the DWI data at location , we compute , ̅ , 2 / , ̅ , Results: To evaluate the proposed algorithm, we a acquired a set of high resolution (1mm)^3 diffusion weighted images using the technique described in [1] . We down-sampled the acquired data by averaging every eight voxels. The proposed algorithm was then applied to this downsampled data to generate the resolution-enhanced data with resolution (1mm)^3. The results, shown in Fig. 1 , indicate that our method is able to generate realistic resolution-enhanced data that greatly resembles the data scanned at high resolution. This implies that, in situation where the luxury of scanning in high resolution is not attainable, our algorithm can be used as an effective means for post-processing enhancement.
Conclusion:
We have presented an algorithm for the resolution enhancement of diffusion-weighted images by leveraging the assumption that fibers are locally linear continuous.
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